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 Introduction
Coxiella burnetii is a small, polymorphic Gram-negative
cterium from 0.3 to 0.5 microns in size, belonging to
the order Legionellales, family Coxiellaceae, and genus
Coxiella (Garrity et al., 2005). Important sources of
human infection of C. burnetii are small ruminants, such
as sheep and goats, dogs, cats, guinea pigs and gerbils
(Bielawska-Dro´zd et al., 2013). According to recent studies,
C. burnetii shows great phylogenetic similarity to bacteria
from the order Legionellales. C. burnetii occurs in two
different morphological forms, LCV (large cell variant) and
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A B S T R A C T
Coxiella burnetii is the etiologic agent of Q fever. It may occur as two different
morphological forms, a large cell variant (LCV) and a small cell variant (SCV). The SCV is
characterized by unique resistance to physical and chemical factors and may survive in the
environment for many months.
The objective of this study was to examine environmental samples for the presence of C.
burnetii using real-time PCR in areas where Q fever was previously reported and in randomly
selected animal farms where Q fever was not reported. The samples were collected in the
following provinces in Poland: Lublin, Subcarpathian and Masovian. Monitoring was
performed with real-time PCR and serological methods. Of the 727 environmental samples,
33 (4.54%) contained the multi-copy insertion sequence IS1111, which is speciﬁc for C.
burnetii. Subsequently, the presence of C. burnetii antibodies was determined using
serological tests in selected herds in which positive genetic results were obtained.
Serological analyses of 169 serum samples using CFT and ELISA were performed on Polish
black-and-white Holstein-Friesian cows and one cow imported from Denmark. Using the
CFT method, 11 samples were positive for phase I antibodies and six were positive for phase
II antibodies. Moreover, in two cases, the presence of antibodies speciﬁc for both phase I and
phase II antigens of C. burnetii was detected. However, of the 169 examined serum samples,
20 were positive by ELISA test, of which six were also positive by CFT. Additionally, multi
spacer typing (MST) of isolated C. burnetii strains was performed. The MST results identiﬁed
two new genotypes in Poland, ST3 and ST6. The results indicate that continued research
regarding spread of this pathogen within a country is necessary.
 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
 Corresponding author. Tel.: +48 81 886 28 22; fax: +81 886 28 22.
E-mail address: abielawska@wihe.pulawy.pl (A. Bielawska-Dro´zd).
Contents lists available at ScienceDirect
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urnetii SCV is characterized by unique resistance to physical
ctors, such as ultraviolet radiation, and chemical factors.
In Poland, several Q fever outbreaks were reported
uring last 60 years in Owczary, formerly Rzeszo´w
rovince in 1956, Lesser Poland and Silesia Provinces in
005, and Subcarpathian and Lublin Province in 2008. The
rgest Q fever outbreak occurred in 1982 in Ulho´wek,
rmerly Zamos´c´ Province, and resulted in 220 dairy cow
ases and 1300 human cases, which was the largest Q fever
utbreak in the human population of Poland (Bielawska-
ro´zd et al., 2013). According to Polish legislation, Q fever
 not a disease that is mandatory for control and
revention (isap.sejm.gov.pl, Dz.U. z 2004, r. Nr 69, poz.
25). Despite the availability of Coxevac, vaccinations
gainst Q fever in livestock are not routinely implemented.
For detailed molecular characterization of the agent,
hylogenetic method such as MST (multi spacer typing)
as used (Glazunova et al., 2005; Li et al., 2009).
The objective of this study was to examine environ-
ental samples for the presence of C. burnetii using real-
me PCR and genetic characterization of isolated strains
sing the MST method.
Subsequently, the presence of C. burnetii antibodies was
vestigated using serological tests (CFT and ELISA) in
elected herds in which positive genetic results were
btained.
. Materials and methods
.1. Environmental samples
Environmental samples were collected from eight
vestock farms where Q fever was previously reported
y the Local Veterinarians Inspectorate, and additional
amples were obtained from 17 randomly selected control
rms. These farms were located in the Masovian, Lublin
nd Subcarpathian Provinces (Fig. 1).
All 727 environmental samples were collected from the
owshed and represented contaminated manure, urine
nd amniotic ﬂuid, and swab samples collected from walls,
eders, ﬂoors and other areas in direct contact with the
rm animals. The swab samples were placed in 1 ml sterile
aline solution. The samples were collected during the
pring and summer of 2011–2012.
.2. Vaginal swabs
Because of an unexpected abortion in the F26 farm
ierzejki Village, Lublin Province), 30 vaginal swab
amples were collected from cows. The material was
ollected using cotton swabs.
.3. Blood samples
Blood samples were collected from the eight herds of
attle in which the presence of C. burnetii DNA in the local
nvironment was previously detected by real-time PCR,
xcluding farm F26. The samples were primarily collected
om Polish black-and-white Holstein–Fresian cows,
ith an average age of 6 years, with 75% of individuals
pregnant, and from one cow imported from Denmark. In
summary, for the laboratory tests, 169 bovine blood
samples were collected, from which sera were obtained
and then examined for the presence of anti-C. burnetii
antibodies using CFT and ELISA. CFT was performed to
detect the presence of antibodies against phase I and phase
II antigens according to manufacturer’s recommendations
(Institute Virion/Serion GmbH, Germany) and the Institute
of Biotechnology, Sera and Vaccines (IBSS Biomed, Poland).
Sera were diluted in a range of 1:5–1:80. The samples were
considered positive when partial hemolysis (++) at a
dilution of 1:10 was observed. The study and interpreta-
tion of the ELISA results (IDEXX Laboratories Inc., USA) was
performed according to the manufacturer’s instructions.
For blood sampling, local veterinarians obtained
consent from farm owners. Ethical approval was not
required for the collection of blood samples.
2.4. Environmental samples
For DNA isolation, the samples were placed in saline
solution in a volume of not more than 2 ml. The samples
were then centrifuged at 800  g for 10 min (decanting) to
remove any large organic residues, and the supernatant
was transferred to a new sterile tube. A volume of 1 ml
suspension was placed into a test tube and subjected
‘‘heat shock’’ in saline solution containing 2 mM adeno-
sine and 10 mM L-alanine (62.5 8C for 15 min.). Next, 4 ml
of liquid MEM (Minimum Essential Medium; Sigma-
Aldrich, USA) was added to the sample, and the suspen-
sion was subjected to 3-fold ﬁltering through a 0.45 mm
ﬁlter. After ﬁltration, the obtained material was centri-
fuged for 10 min at 25,000  g to pellet the cells. The
supernatant was discarded and the pellet was resus-
pended in 2 ml MEM. The suspension was used to infect
the cell line (1 ml), whereas 700 ml was used for the
isolation of genetic material using the Genomic Mini Kit
(A&A Biotechnology, Poland) according to the manufac-
turer’s instructions.
2.5. Vaginal swabs
The isolation of genetic material was performed similar
to the environmental swab samples from the surface, but
without pre-spinning. The tested samples were transferred
to new 1.5-ml tubes, centrifuged at 20,000  g, and the
pellet was resuspended in 100 ml of Tris-HCl. DNA isolation
was performed as previously described.
2.6. Real-time PCR
Genetic analysis was performed using real-time PCR to
detect the presence of the insertion sequence IS1111
(transposase gene, GenBank: M80806) (Klee et al., 2006)
on a LightCycler 2.0 instrument (Roche, Germany) using the
LightCycler TaqMan Master Kit (Roche, Germany) according
to manufacturer’s recommendations with ﬁnal concentra-
tions of 0.5 mM for the primers and 0.15 mM for the probe.
As a positive control, the DNA extracted from the
C. burnetii strain Nine Mile phase I was used, and as a
reaction control, the mixture without template DNA was
us
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st samples for which the CT (cycle threshold) was lower
an 36 were considered positive.
. BGM cell line culturing
Culturing of the BGM cell line (African green monkey
dney, HPA Culture Collection, UK) was performed at 37 8C
 a 5% CO2 atmosphere with MEM containing 2 mM
utamine (Sigma Aldrich, USA), 1% non-essential amino
ids (NEAA) (Sigma Aldrich, USA), and 10% serum (fetal
vine serum; FBS) (Sigma Aldrich, USA), 100 mg/ml
eptomycin (Sigma Aldrich, USA) and 100 U/ml penicillin
igma Aldrich, USA).
2.8. C. burnetii culturing in BGM cell line
Culturing of C. burnetii was performed in the BGM cell
line in 25 cm3 culture ﬂasks incubated under aerobic
conditions in a 5% CO2 atmosphere with MEM medium
containing 10% FBS, 1 mM L-glutamine and 1% NEAA.
Culturing was performed for up to 14 days. No antibiotics
were added to the culture medium.
2.9. C. burnetii recovery from the cell line
To recover C. burnetii from the cell line, the method
using digitonin described by Cockrell et al. (2008) was
used. The obtained lysate was centrifuged at 900  g for
. 1. Places of origin of the environmental and serum samples. Legend: F1 (C), Biłgoraj District; Tranogro´d Commune, F4 (R), Bielsko, Podlaski District;
itulin Commune, F7, F27 (R), Gostynin District; Pacyna Commune, Luszyn Village; F13 (R), Ciechanowski District; Glinojeck Commune, Glinojeck Village;
4 (R), Ciechanowski District; Ciechano´w Commune, Kargoszyn Village; F21 (R), Lez˙ajsk District; De˛bno Village; F25 (R), Brzozo´w District; Haczo´w
mmune; F5 (C), Bialski District; Worgule Commune; F6 (C), Bialski District; Łukowce Commune; F8 (C), Tomaszo´w Lubelski District; Rachanie Commune,
mnice Village; F9 (C), F10 (C), Tomaszo´w Lubelski District; Rachanie Commune, Michało´w Village (2 farms); F11 (C), F12 (C), Tomaszo´w Lubelski District;
chanie Commune, Woz˙uczyn Village (2 farms); F24 (C), Tomaszo´w Lubelski District; Rachanie Commune, Podlodo´w Village; F22, F23 (C), Puławski
trict; Barano´w Commune, Dra˛z˙go´w Village (2 farms); F26 (C), Łuko´w District; Trzebieszo´w Commune, Wierzejki Village; F15, F16 (C), Pułtusk District;
dowo-Ba˛boły (2 farms); F17 (C), F18 (C), F19 (C), F9 (C), Pułtusk District; Łachon´, Skarz˙yce, Pawłowo Village (2 farms).
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urnetii cells were transferred to a new 50-ml tube and
entrifuged at 31,000  g for 15 min at 4 8C. The superna-
nt was discarded, and the pellet was resuspended in 2 ml
EM with 10% FBS (Sigma-Aldrich, USA). All samples were
tored at 80 8C until further analysis.
.10. Isolation of C. burnetii DNA after digitonin treatment
For DNA extraction, 1 ml of lysate was removed and
entrifuged at 15,000  g for 5 min for cell collection. The
upernatant was discarded and the pellet was suspended
 100 ml Tris–HCl buffer. The subsequent steps were
erformed according to Genomic Mini kit manufacturers’
structions.
.11. Multi Spacer Typing
Six of 10 (Cox18, Cox20, Cox37, Cox51, Cox57, Cox61)
roposed intergenic spacers previously described by
lazunova et al. (2005) were selected for MST analysis
f the recovered isolates.
.12. Sequence analysis
The obtained sequences were compared with the allelic
roﬁles for the selected intergenic sequences available in the
R 48 using the BLAST algorithm at the NCBI website (http://
last.ncbi.nlm.nih.gov/Blast.cgi). Phylogenetic analysis was
erformed using the MEGA5 software (Tamura et al., 2011).
.13. Ethics statement
Animal sampling, including serum and vaginal sample
ollection, was performed under control of the Regional
nd Local Veterinary Inspectorates (Masovian, Subcar-
athian and Lublin) after receiving the consent of the
rmer. According to Polish Ethical Committee on Animal
esting, this type of study does not require consent or
thical approval.
. Results
Of the 8 livestock farms, F1, F4, F7, F13, F14, F21, F25,
nd F27, in which Q fever was detected in animals
reviously, 6 farms, including F4, F7, F13, F14, F21, and
27, had the genetic markers for C. burnetii in the
nvironmental samples (Fig. 1). Of the 409 tested
nvironmental samples from the retrospective farms, 26
.36%) had the genetic marker IS1111.
For 17 randomly selected control farms from the
rovinces in which Q fever has never been reported by the
ocal Veterinary Inspectorate, 3 farms, F16, F19, and F23,
ad genetic marker sequences for C. burnetii (Fig. 1). From
18 environmental samples derived from these farms, 7
.2%) had IS1111.
Of the 727 environmental samples collected from the
5 livestock farms, in 33 (4.54%) we found the IS1111 gene
equence, which is speciﬁc for C. burnetii.
Additionally, of the 30 vaginal swabs collected from the
ows from the F26 farm in Lublin Province (Fig. 1), one
swab (WV 21, CT 26) from a pregnant cow showed the
presence of IS1111.
As a result of the serological studies of the four
retrospective outbreaks, in two farms, F4 and F13
(Fig. 1), we showed the presence of phase I antibodies
and phase II antibodies. Serological analysis was
performed for randomly selected individuals (ofﬁcial
data regarding speciﬁc individuals which were tested in
2010 (Witulin, F13) were not available at this time).
Furthermore, of the four randomly selected farms, two
(F19, F26– Fig. 1) had C. burnetii-speciﬁc antibodies in
animals, primarily for phase I antibodies. In total, we
tested 169 serum samples, among which, 11 were
positive for phase I antibodies and 6 positive for phase
II antibodies using CFT. Moreover, in two cases, we
showed the presence of antibodies speciﬁc for both
phase I and phase II antigens of C. burnetii. From
169 samples, 20 were positive by ELISA, of which 6 were
also positive by CFT.
The samples positive for the IS1111 gene sequence
were used to infect the BGM cells in vitro. A positive
ﬂuorescence signal for the isolates obtained from
the BGM cell line was obtained for the samples derived
from the new outbreaks in the F19 farm in Masovian
Province (sample 124 WPO; CT 23) and in the F26 farm
in Lublin Province (sample WV 21; CT 26). For the
IS1111+ swabs derived from the retrospectively exam-
ined farms, we obtained 4 isolates, 339 WPO with CT 28
(F21), 635 WPO with CT 31 (F27), 640 WPO with CT 29
(F27) and 86 WPO with CT 32 (F13) by in vitro culture of
the BGM cell line.
For the isolates derived from cow vaginal swab WV
21 (F26) and an environmental area swab 124 WPO
(F19), an MST analysis using 6 target sequences was
performed. The obtained sequences were compared
with those deposited on IFR 48. The ST proﬁles for
the examined strains and reference strains and their
genetic relatedness are presented in Fig. 2. The results
identiﬁed their MST genotype. The WV 21 sample was
the ST6 genotype, whereas the 124 WPO sample was the
ST3 genotype.
4. Discussion
In this study, the presence of Q fever agent was detected
in the environment in the majority of retrospective farms
and only several of the randomly selected control farms.
Real-time PCR was successfully used with oligonucleotides
speciﬁc for the transposase gene (IS1111) to determine the
presence of C. burnetii in the environmental samples.
Environmental screening for the presence of C. burnetii,
was performed in six distant regions in the United States
from 2006 to 2008 (Kersh et al., 2010). Positive results
were detected in 23.8% of 1600 analyzed samples, and
depending on the region, varied from 6% to 44.6%.
Research was conducted in livestock farms and public
places, such as high schools, playgrounds, markets,
banks, and post ofﬁces. Furthermore, similar results
were obtained by Tozer et al. (2013) who examined
environmental sources, such as soil and swab samples, of
C. burnetii infection for both rural and urban populations
Fig. 2. Genetic relatedness of Polish C. burnetii isolates, WV 21 and 124 WPO, compared to isolates described by Mediannikov et al. (2010) and Chmielewski
et al. (2009). Legend: The tree was drawn using the Neighbor-Joining method with a maximum composite likelihood model (unrooted) with
500 replications. The sequences from 6 spacers were concatenated. Bootstrap values >70 are shown. The scale bar shows the number of substitutions per
site. The tree was drawn with the MEGA5 software.
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om 2.0 to 6.9% (Tozer et al., 2013). Although the
etection of C. burnetii in livestock farms of goats and
attle was not unexpected (de Bruin et al., 2012;
ogerwerf et al., 2012; Kersh et al., 2013), the presence
f the agent in public areas was surprising and indicated
 risk for humans (Kersh et al., 2010). Our results
howing that 2.2% of the samples were positive in the
andomly selected control farms, conﬁrm that the
atural environment is not free of C. burnetii and Q
ver risk, even though no cases are currently registered
r a speciﬁc area.
It was observed that there are more contaminated
rms where Q fever cases were reported previously than
 the randomly selected farms. This may be a result of not
nly the inappropriate eradication disinfection process or
athogen resistance but also natural reservoirs. Therefore,
 areas that were determined as Q-fever free, should
ccasionally be reevaluated for agent persistence in both
iotic and abiotic components of the environment.
Seroprevalence studies of the animals revealed
eropositive individuals in both the retrospective and
andomly selected farms. Unfortunately, we could not
xamine all herds because of the lack of owner consent
r blood sampling. Special attention was paid to farm
13, where seroprevalence studies in 2010 detected anti-
. burnetii antibodies in one case, not conﬁrmed in the
fﬁcial analysis. Molecular analysis of the environment
evealed a signiﬁcant number (23.3%) of C. burnetii
ositive samples. A total of 49 animal sera were tested
r speciﬁc antibodies against C. burnetii using CFT and
LISA. Only 4 (8.3%) sera samples were positive for
ntibodies against phase II antigens when tested with
FT, whereas ELISA revealed an additional 13 (27.1%)
era samples positive for speciﬁc antibodies against C.
urnetii. The lower detection limit of the complement
xation test compared to the ELISA is consistent with the
terature (Horigan et al., 2011; Natale et al., 2012;
ousset et al., 2009; Szyman´ska-Czerwin´ska et al., 2013).
he lack of positive correlation for the CFT and ELISA
esults was conﬁrmed by statistical analysis. However,
FT is the method of choice for ofﬁcial diagnosis by
he OIE (www.oie.int). Some infected animals, which
re seropositive by CFT, do not shed pathogen, whereas
ther animals are infected but seronegative by CFT
nd can shed the agent into the environment (Sidi-
oumedine et al., 2010). Serological methods are useful
r Q fever diagnosis, but cannot be used to identify
. burnetii shedding animals (Rousset et al., 2009;
odolakis, 2006).
The results of the randomly selected F26 farm will be
iscussed in greater detail. Cattle abortion at the eighth
onth of gestation was observed in a cow of the Polish
lack-and-white breed. The fetus and placenta were
iagnosed using molecular methods on May 2012, and
he placenta was positive for the genetic sequence of
. burnetii. After this incident, the decontamination
rocess was implemented by owner in the cowshed,
hich may have inﬂuenced the negative real-time PCR
esults for presence of C. burnetii in this farm. Afterwards,
0 vaginal swabs were tested using real-time PCR. The
only swab taken from a pregnant cow (WV 21 sample),
which was standing next to the above described
aborting cow, was positive for the genetic sequence of
C. burnetii, but negative by CFT and ELISA. This phenome-
non may be an effect of an early phase infection related to
the time-frame of seroconversion (3–4 weeks). Addition-
ally, six other animals in this herd were positive, ﬁve for
antibodies against phase I and one for phase II antibodies.
Seroprevalence studies in the new F19 farm using CFT
revealed 2 positive cases for phase I antibodies out six
samples tested. The presence of C. burnetii genetic material
was also detected in 3 of 23 environmental samples.
Environmental isolate (124 WPO) was successfully recov-
ered using in vitro cell culture.
Farmers and veterinarians are at risk of Q-fever
infection. It is hypothesized that seroprevalence studies
of people will provide signiﬁcant insight; however, this
was beyond the scope of our study. Independent serologi-
cal studies of the human population in urban areas
revealed a 3.1% seropositive rate for antibodies against
C. burnetii. However, based on the level of C. burnetii in the
environment (44%), the actual seroprevalence may be
higher (Kersh et al., 2010).
MST, which utilizes the variability of intergenic
sequences, may be successfully used for high resolution
typing of bacterial strains and the assessment of the
relationship between the genetic signature and geograph-
ical distribution. Polish C. burnetii isolates, previously
recovered, were genotyped as ST16 (1 isolate) and ST18
(5 isolates) (Chmielewski et al., 2009). In the current study,
genotypes ST3 and ST6 were identiﬁed (Fig. 2). Moreover,
genotype ST6 was also detected in ticks and fecal speci-
mens from Senegal, and in a specimen from an endocardi-
tis patient from France. ST3 was also found in France
(Mediannikov et al., 2010). Detection of these two
genotypes suggests the genetic variability of C. burnetii
in Poland, but further research is necessary to understand
the genetic diversity and identify methods to control
possible Q fever outbreaks. Interestingly, genotypes of WV
21 (ST6) and 124 WPO (ST3) were clustered with
genotypes isolated from other countries, including France,
Spain, Austria, Ukraine, Russia, Kyrgyzstan, Uzbekistan,
Kazakhstan, Namibia, Senegal and the USA. It is postulated
that genotypes ST3 and ST6 have a worldwide distribution
(Mediannikov et al., 2010).
This study shows the presence of C. burnetii in livestock
farms in which the disease was detected previously and in
farms where Q fever has never been detected in Eastern
and Central Poland. This may play a role in the increasing
risk of potential infections for human populations.
Based on the results of this study, ELISA is a more
sensitive method than CFT for C. burnetii antibody
detection.
Genetic analysis of the environmental isolates using
MST revealed two genetic proﬁles, ST3 and ST6, which
were previously described in other parts of Europe and the
world, but for the ﬁrst time in Poland.
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